Introduction
============

Knee pain (KP), the most common symptom of knee osteoarthritis (OA), causes gait difficulties in older adults[@b1-cia-11-237] and is associated with slow gait speed (GS).[@b2-cia-11-237] Self-reported KP is the main factor affecting gait and causing gait limitations in older adults.[@b3-cia-11-237] Previous studies have reported that older individuals with KP have a slower average GS than those with no KP.[@b4-cia-11-237] White et al[@b5-cia-11-237] conducted a prospective cohort study of older adults and found that \~5% of individuals experiencing frequent KP exhibited fast declines in GS (3% decline per year).

Obesity, a medical condition defined as abnormal or excessive accumulations of body fat, may negatively impact health.[@b6-cia-11-237] Recent studies have indicated that obesity is associated with reduced GS in older adults, particularly among those at high risk for functional decline.[@b7-cia-11-237] These findings are of significant concern because the number of obese adults is increasing worldwide.[@b8-cia-11-237] Moreover, obese individuals experiencing frequent KP tend to experience higher levels of KP than their nonobese counterparts.[@b9-cia-11-237] Previous studies have indicated that obesity is associated with decreased GS compared with normal weight subjects.[@b8-cia-11-237]

GS is an important indicator of health and a strong predictor of future disability[@b10-cia-11-237] and mortality[@b11-cia-11-237] in older adults. As such, GS is considered the sixth vital sign and is strongly associated with aging in a manner similar to the other vital signs.[@b12-cia-11-237] Previous studies have found that the largest differences in gait occur after the age of 65 years and that GS declines at a rate of 1%--4% per year from ages 65 to 80.[@b13-cia-11-237] Frequent KP is a common symptom of knee OA and adversely affects gait mechanics, although little is known about the influence of obesity on GS.[@b14-cia-11-237] Strong associations have been found between obesity and frequent KP or knee OA, two conditions that individually affect GS.[@b15-cia-11-237] However, the relationship between frequent KP, obesity, and GS in older adults remains unclear. Therefore, the present study aimed at examining the relationship between baseline frequent KP and obesity status on GS over time. We hypothesized that frequent KP, obesity, or both would be associated with decreased GS over time compared with those who have no KP and no obesity.

Methods
=======

Design
------

This study was a 6-year longitudinal cohort study using data from the Osteoarthritis Initiative (OAI).

Participants
------------

We studied 3,118 adults aged between 45 years and 79 years. All participants in this study were recruited as part of the ongoing, publicly and privately funded, multicenter, and longitudinal OAI study (N=4,796). Patients at high risk of knee OA were recruited from four clinical sites in the US (Baltimore, MD; Pittsburgh, PA; Pawtucket, RI; and Columbus, OH) between February 2004 and May 2006. Details of the OAI study criteria are available at <http://oai.ucsf.edu/datarelease>. All of the participants provided written informed consent. The OAI study protocol was approved by the institutional review board of the OAI Coordinating Center, University of California at San Francisco.

Participants were included if they were aged between 45 years and 79 years, regardless of sex or ethnicity. Participants with the presence or absence of frequent KP and obesity were included in this study ([Figure 1](#f1-cia-11-237){ref-type="fig"}). However, since infrequent KP is common among people of all ages, we decided to exclude them from the analyses (n=1,650). Participants who did not know, were not sure, or refused to answer (0.9% of the 3,118 respondents)[@b16-cia-11-237] were also excluded from the analyses ([Figure 1](#f1-cia-11-237){ref-type="fig"}). We used data from 12-, 24-, 36-, 48-, and 72-month follow-ups.

Measures
--------

Frequent KP was assessed based on answers of "yes" to the following two self-reported questions. 1) During the past 12 months, have you had pain, aching, or stiffness in or around your (right/left) knee? 2) During the past 12 months, have you had pain, aching or stiffness in or around your (right/left) knee on most days for at least 1 month? The frequent KP was defined, and the participants were classified as having frequent KP if they answered "yes" to both questions and as having no KP if they answered "no". The infrequent KP was defined, and the participants were classified as having infrequent KP if they answered "yes" to the first question and "no" to the second question. Similar classifications were used in the Baltimore Longitudinal Study of Aging[@b17-cia-11-237] and in other population-based surveys.[@b18-cia-11-237]

Obesity was defined based on body mass index (BMI), which is a simple index for classifying body weight status in adults.[@b19-cia-11-237] BMI is calculated by dividing body weight in kilograms by the square of body height in meters (weight \[kg\]/height \[m\][@b2-cia-11-237]). Participants with BMIs ≥30 were classified as obese.

GS was measured via a 20 m walk test that was timed using a stopwatch. GS was assessed at baseline and over a 6-year follow-up with usual walking speed from a standing start. Walk pace (m/sec) was calculated as the average pace over two trials conducted at clinic visits. If one value was missing, then the remaining value was used. The participants walked at a comfortable, self-directed pace in a corridor between two cones spaced 20 m apart and then they returned to sit in a chair at the starting cone. GS was computed as the distance of the test course divided by the time required to complete the test; similar measures have been used in other epidemiological studies.[@b20-cia-11-237] The participants wore their usual footwear and used walking aids/devices as needed.

The following covariates were included: 1) sociodemographic characteristics, including age (years), race (nonwhite vs white), sex (women vs men), marital status (unmarried/divorced vs married), education level (≤ high school vs \> college), annual income in US dollars (\<\$50,000 vs ≥\$50,000), and household composition (living alone vs living with others); 2) fall status in the past 12 months (yes vs no); and 3) physical composite scale (PCS) score and mental composite scale (MCS) score from the 12-Items Health Outcome Survey Short Form (SF-12).[@b21-cia-11-237] Validated general health measures of comorbidity were assessed by calculating modified Charlson comorbidity score (0--32). A higher Charlson comorbidity score indicates an increased severity of condition.[@b22-cia-11-237] The presence of depressive symptoms was derived from the 20-item Center for EpidemiologiStudies Depression instrument.[@b23-cia-11-237] The range of possible values for scale scores is 0--60, with the higher scores (≥16) indicating more symptoms.[@b23-cia-11-237] The SF-12 was used to assess the participant's physical and mental health. It comprises 12 questions represented by PCS and MCS scores. The range of possible values for SF-12 final scores is 0--100. Higher scores indicate a better health status.[@b24-cia-11-237]

Statistical analysis
--------------------

Chi-square, analysis of variance, and post hoc Tukey's tests were used to examine the covariates of the participants according to KP frequency and obesity status at baseline. General linear mixed models were used to examine the associations of baseline frequent KP and obesity status as independent variables, and GS as a dependent variable (outcome), over a 6-year period. We used autoregressive covariance matrices in a general linear mixed model using MIXED procedure; this approach uses all available data on each subject and allows for the usage of realistic variance and correlation patterns.[@b25-cia-11-237] The mixed model allowed us to make inferences about the follow-up by modeling and estimating the components. Furthermore, this model made greater use of incomplete data, such as that obtained from participants who dropped out or missed the scheduled follow-up.[@b26-cia-11-237]

Two mixed models were constructed to assess the relationship between frequent KP and obesity status at baseline and over a 6-year follow-up period. Model 1 included group, time, age, sex, race, marital status, education, household composition, income, and fall status. Model 2 included all of the variables in Model 1 plus comorbidity, depressive symptoms, PCS score, and MCS score. All models used an interaction term between KP frequency and obesity status and time.

The principal reason to incorporate a covariate in the analysis was the presence of strong or moderate relationship between the covariate and the outcome measure as suggested in the literature.[@b27-cia-11-237] The analyses were performed using SAS for Windows, Version 9.2 (SAS Institute, Inc., Cary, NC, USA).

Results
=======

[Table 1](#t1-cia-11-237){ref-type="table"} summarizes the demographic characteristics of the study population according to group. The participants were classified (3,118) into four categories according to KP frequency and obesity status at baseline as follows: no KP and nonobese (n=504; 16.2%), frequent KP and nonobese (n=2,187; 70.1%), no KP and obese (n=201; 6.4%), and frequent KP and obese (n=226; 7.3%). The overall mean age and standard deviation were 61.2±9.1 at baseline. Fifty-eight percent of the participants were women, 34% were unmarried or divorced, and 18% had either less than or equal to high school degrees. The average comorbidity score was 0.43±0.9. The average mean PCS and MCS scores were 50.8±8.3 and 53.9±7.6, respectively. Thirty-eight percent of the participants reported incomes of \<\$50,000 per year, and 33% had fallen in the past 12 months. The participants with frequent KP and obesity were significantly more likely to be younger, to report fewer depressive symptoms, and to have poorer physical health compared with the participants without KP who were nonobese. Four groups were significantly (*P*\<0.0001) different from one another ([Table 1](#t1-cia-11-237){ref-type="table"}).

The general linear mixed model estimates for GS (m/s) over time for the four groups as a function of the presence or absence of frequent KP and obesity status at baseline are presented in [Table 2](#t2-cia-11-237){ref-type="table"}. In Model 1, after adjusting for socio-demographic variables (ie, age, sex, race, marital status, household composition, income, and fall status), the obese participants with frequent KP were most significantly associated (*P*\<0.0001) with decreased GS (β \[95% CI\]: −0.11 \[−0.14 to −0.08\]), followed by the nonobese participants with frequent KP (β \[95% CI\]: −0.095 \[−0.11 to −0.07\]) and the obese participants with no KP (β \[95% CI\]: −0.094 \[−0.12 to −0.06\]); the nonobese participants with no KP were not associated with decreased GS. In Model 2, after controlling for depressive symptoms, comorbidity, PCS score, and MCS score, together with the variables in Model 1, the nonobese participants who reported frequent KP (β \[95% CI\]: −0.06 \[−0.07 to −0.04\]), the obese participants who had no KP (β \[95% CI\]: −0.07 \[−0.1 to −0.04\]), and the participants with both conditions (β \[95% CI\]: −0.08 \[−0.1 to −0.05\]) were all significantly associated (*P*\<0.0001) with decreased GS. The interaction term between the groups (nonobese and frequent KP, obese and no KP, and obese and frequent KP) and the time of follow-up (GS score over 6 years) was not statistically significant in any of the models. This lack of significance indicated an unchanged slope, meaning that the average GS of the participants decreased only slightly by 0.002 m/s/yr.

[Figure 2](#f2-cia-11-237){ref-type="fig"} shows the unadjusted and adjusted GSs over the 6-year period according to KP frequency and obesity status at baseline. Over the entire follow-up period, compared with the reference group, the participants with both conditions exhibited the slowest average GS, followed by the nonobese participants with frequent KP and participants with no KP and obese. There was a significant interaction effect between time and GS using the four groups (frequent KP and/or obesity status) on even the adjusted model (*F*=6.86, *P*\<0.0001). Moreover, the participants in all groups exhibited stable GSs over a 6-year follow-up period ([Figure 2](#f2-cia-11-237){ref-type="fig"}).

Discussion
==========

The current study aimed to examine the relationship between KP frequency, obesity, and GS over time among adults. We found that older adults who had frequent KP alone, obesity alone, or both conditions at baseline were associated with decreased GS after controlling for all covariates. No association was found between GS and time, even after controlling for all covariates.

We found it noteworthy that those with both conditions were more strongly influenced by decreases in GS than those with no KP and who were not obese. Interestingly, our study finding additionally revealed that the KP frequency and nonobese had a faster GS than those with no KP but who were obese. Evidence backing obesity was associated with comorbidities and excessive load on knee joints that can contrarily influence on shorter step length that prompts slower GS.[@b28-cia-11-237] However, previously reported evidence also suggests that obese individuals exhibit slower GSs than nonobese individuals. Other personal and health factors that are known to influence GS include sex, race, depressive symptoms, and comorbidities.[@b29-cia-11-237] In our study, the mean age of the participants with both conditions (59 years) was \<3 years than that of the nonobese participants with no KP (63 years). Thus, age did not influence estimated GS, possibly because frequent KP and obesity exhibited stronger influences on gait than age.

When interpreting our findings, it should be noted that the outcome rate of change in GS as a function of KP frequency and obesity status at baseline was of small magnitude over time (0.002 m/s/yr). It shows that there was no decrease in GS over time because of either KP frequency or obesity condition in each group was almost just as impacted on GS. Previous studies have demonstrated that a 0.10 m/s decline in GS (1.40--1.30 m/s) is a meaningful decline in older adults.[@b30-cia-11-237] In the clinic, GS cutoff values of 0.6--1.0 m/s have been used to categorize older adult patients as slow, intermediate, or fast walkers.[@b31-cia-11-237] A GS \>1.0 m/s has been identified as an indicator of reduced health risk and better survival in healthy older adults.[@b32-cia-11-237] Thus, our study indicated that there was no meaningful decline in GS among older adults with frequent KP, obesity, or both.

Our results are similar to those of previous studies that have demonstrated independent associations between KP, obesity, and GS.[@b33-cia-11-237]--[@b35-cia-11-237] White et al conducted a multicenter OA cohort study and found that obesity has an important association with slow GS independent of KP.[@b33-cia-11-237] In a cross-sectional study, Vincent et al found an association between KP, obesity, and fear of movement.[@b34-cia-11-237] Metcalf published an article in *Everyday Health* with findings similar to our own regarding how both KP and obesity influence gait, particularly in women.[@b36-cia-11-237] However, to the best of our knowledge, no studies have examined the association of both conditions together (frequent KP and obesity) with GS among older adults.

Implications
------------

GS is a key indicator of health status and a strong predictor of morbidity and mortality in older adults.[@b11-cia-11-237] Therefore, identifying risk factors associated with slow GS in older adults is a critical public health priority. A cross-sectional study by Aoyagi et al[@b37-cia-11-237] supports a link between obesity and KP. The knee joint is exposed to high compressive loads that can exceed three times those produced by body weight during walking in healthy weight adults.[@b38-cia-11-237] The load on the knee joint increases as body weight increases. Thus, multicomponent weight loss interventions (ie, diet plus aerobic exercise plus resistance exercise) have been demonstrated to exhibit beneficial effects in terms of reducing KP[@b39-cia-11-237] and improving GS in obese older adults.[@b40-cia-11-237] The European League Against Rheumatism encourages weight loss interventions for older adults with KP and obesity; such interventions are effective in reducing adverse joint loading,[@b41-cia-11-237] relieving musculoskeletal pain,[@b42-cia-11-237] and improving GS[@b43-cia-11-237] in older adults with frequent KP, the obese, and those with both conditions.

Study limitations
-----------------

First, KP was measured based on self-reports and was only assessed at baseline, which raises the possibility of recall bias. Second, most of the participants were Caucasians. Therefore, extrapolation of the results to other races may not be relevant. Third, the participants' medical records, radiologic imaging results, and blood tests were not available for confirmation purposes.[@b44-cia-11-237] Information about muscle strength and efficiency of energy utilization in association with GS in older adults could therefore not be assessed. Finally, our findings apply to older adults and cannot be generalized to a normal young population. The strengths of this study include the diverse and large sample of older adults either with or at high risk of knee OA, the longitudinal and long-term follow-up, and the objective measurement of the outcome. To measure the outcome, we used a 20 m timed walk test, which is widely used to assess GS in older adults and has been validated for patients with self-reported KP as well as those with obesity. Another important strength of our study is its use of mixed models, an analytical approach that facilitated the inclusion of all available data.

Conclusion
==========

The purposes of this study were to examine the relationship between self-reported frequent KP and obesity and to relate the results to objective measures of GS in older adults. The findings suggest that individuals with frequent KP alone, obesity alone, or both conditions combined have significantly reduced GS compared with nonobese individuals with no KP. This was true even after adjusting for sociodemographic and health variables. No association was found between GS and time in any of the four study groups, even after controlling for all covariates. This lack of association indicates an unchanged slope for the data. Additional studies are needed to verify the effects of frequent KP and obesity on GS in older adults.
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![Flow diagram of the selection and classification of the participants enrolled in the Osteoarthritis Initiative study who were included in the present study.\
**Notes:** ^‡^OAI: online database provided by coordinating center, University of California, San Francisco (<http://oai.epi-ucsf.org/datarelease/>).\
**Abbreviation:** OAI, Osteoarthritis Initiative.](cia-11-237Fig1){#f1-cia-11-237}

![Unadjusted and adjusted gait speed scores as a function of the presence or absence of frequent knee pain and obesity status at baseline (N=3,118) over a 6-year follow-up period.](cia-11-237Fig2){#f2-cia-11-237}

###### 

Characteristics of the study participants with respect to knee pain and obesity status at baseline (N=3,118)

  Characteristics                       All, N=3,118    No knee pain and nonobese, n=504 (16.2%)   Frequent knee pain and nonobese, n=2,187 (70.1%)   No knee pain and obese, n=201 (6.4%)   Frequent knee pain and obese, n=226 (7.3%)   *P*-value or χ^2^ test
  ------------------------------------- --------------- ------------------------------------------ -------------------------------------------------- -------------------------------------- -------------------------------------------- ------------------------
  Age, mean ± SD (years)                61.2±9.1        63.5±9.8                                   60.3±9.0                                           63.3±8.3                               59.6±9.3                                     \<0.0001
  Women, n (%)                          1,822 (58.43)   313 (62.1)                                 1,281 (58.6)                                       106 (52.7)                             122 (54.0)                                   0.062
  Nonwhite, n (%)                       764 (24.50)     47 (9.3)                                   595 (27.2)                                         37 (18.4)                              85 (37.6)                                    \<0.0001
  Unmarried/divorced, n (%)             1,078 (34.57)   139 (27.6)                                 795 (36.3)                                         63 (31.3)                              81 (35.8)                                    0.0018
  Education, ≤high school, n (%)        553 (17.74)     66 (13.1)                                  408 (18.7)                                         31 (15.4)                              48 (21.2)                                    0.010
  Income, \<\$50,000 per annum, n (%)   1,203 (38.58)   151 (30.0)                                 889 (40.6)                                         79 (39.3)                              84 (37.2)                                    0.0002
  Living single, n (%)                  687 (22.03)     100 (19.8)                                 497 (22.7)                                         47 (23.4)                              43 (19.0)                                    0.33
  Fallen, past 12 months, n (%)         1,057 (33.90)   140 (27.8)                                 782 (35.8)                                         61 (30.3)                              74 (32.7)                                    0.0045
  Depressive symptoms, n (%)            371 (11.90)     28 (5.6)                                   302 (13.8)                                         14 (7.0)                               27 (11.9)                                    \<0.0001
  Comorbidity, mean ± SD                0.43±0.9        0.26±0.72                                  0.44±0.9                                           0.49±0.9                               0.53±0.9                                     \<0.0001
  PCS, mean ± SD                        50.8±8.3        53.8±6.4                                   45.8±9.9                                           50.2±7.8                               46.4±9.4                                     \<0.0001
  MCS, mean ± SD                        53.9±7.6        54.6±6.7                                   53.0±9.1                                           54.8±7.1                               53.3±7.9                                     \<0.0001
  Gait speed, mean ± SD (m/s)           −0.16±0.19      −0.095±0.18                                −0.093±0.19                                        −0.10±0.20                             −0.36±0.22                                   \<0.0001

**Abbreviations:** *χ*^2^, chi-square; SD, standard deviation; \$, American dollar; PCS, physical composite scale; MCS, mental composite scale.

###### 

General linear mixed models for estimating gait speeds (m/s) over time in four groups as a function of the presence or absence of frequent knee pain and obesity status at baseline (N=3,118)

  Predictor variable                                                                   β (95% CI)                                                                
  ------------------------------------------------------------------------------------ ------------------------------------------------------------------------- ------------------------------------------------------------------------
  Intercept                                                                            1.74 (1.69 to 1.80)[\*](#tfn3-cia-11-237){ref-type="table-fn"}            1.35 (1.29 to 1.41)[\*](#tfn3-cia-11-237){ref-type="table-fn"}
  Time                                                                                 −0.002 (−0.003 to −0.0007)[\*\*](#tfn4-cia-11-237){ref-type="table-fn"}   −0.002 (−0.004 to −0.001)[\*\*](#tfn4-cia-11-237){ref-type="table-fn"}
  **No knee pain and nonobese**                                                        **Reference**                                                             **Reference**
  **Four groups based on the presence or absence of frequent knee pain and obesity**                                                                             
  Frequent knee pain and nonobese                                                      −0.095 (−0.11 to −0.07)[\*](#tfn3-cia-11-237){ref-type="table-fn"}        −0.06 (−0.07 to −0.04)[\*](#tfn3-cia-11-237){ref-type="table-fn"}
  No knee pain and obese                                                               −0.094 (−0.12 to −0.06)[\*](#tfn3-cia-11-237){ref-type="table-fn"}        −0.07 (−0.1 to −0.04)[\*](#tfn3-cia-11-237){ref-type="table-fn"}
  Frequent knee pain and obese                                                         −0.11 (−0.14 to −0.08)[\*](#tfn3-cia-11-237){ref-type="table-fn"}         −0.08 (−0.1 to −0.05)[\*](#tfn3-cia-11-237){ref-type="table-fn"}
  **Four groups at 6-year follow-up period**                                                                                                                     
  Frequent knee pain and nonobese                                                      0.0005 (−0.0001 to 0.002)                                                 0.0012 (−0.0002 to 0.002)
  No knee pain and obese                                                               −0.0009 (−0.003 to 0.001)                                                 −0.001 (−0.004 to 0.0009)
  Frequent knee pain and obese                                                         −0.002 (−0.004 to 0.0003)                                                 −0.001 (−0.004 to 0.0009)

**Notes:** Model 1 included time, age, sex, race, marital status, education, income, household composition, and fall status. Model 2 included all of the variables in Model 1 plus comorbidity, depressive symptoms, physical composite scale score, and mental composite scale score.

*P*\<0.0001.

*P*\<0.01.

**Abbreviations:** β, estimate; CI, confidence interval.
